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* Reversed Switching, RS, [1] JSSCC‘15
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Capacitor Matching Enhancemel@!;\l!rﬁé

Digital Sequence : 100

. 16C+e
Vino—c/c ' '
Ilsc -T-4c -T-4c I-T-sc l4c -'.-20 -L1c = 1C
| + + +
IR RS
0 0 0 0 0 0 0 0



~Capacitor Matching Enhanceme ATLAS

Digital Sequence : 100

I 16C+e
Vino—o—o ' '
Ilsc -T-4c -T-4c I-T-sc l4c -'.-20 L 1c =1cC
| + + +
. 0 0 0 0 0 0 0 0
Voltage @ Top plate
w RS: Vin
wo RS : Vin



dpacitor Matching Enhanceme ATLAS

Digital Sequence : 100

______________

1-8+C -‘-4+C -|j4+C ET8C T4C ?ZC T"C = 1C
vt e - --JO 0 0 0

! -vref -vref  -vref
Voltage @ Top plate

iw RS : Vin-((16c+e)/(32c+e))*vref
iwo RS : Vin-((16c+e)/(32c+e))*vref




dpacitor Matching Enhanceme ATLAS

* Digital Sequence : 100

______ 16C+e _Original cap to switch
VinO—C/C ' 1 I
Lo Lac -T-4c:llsc: L L2c L1c L1c
|I + -‘- + -li + I.T | -|- T T
C1 &1 %2 | S, |
| |
] 0 -vref  -vref | 0 | 0 0 0 0
Voltage @ Top plate . +vref |

w RS : Vin-((16c+e)/(32c+e))*vref+((8c+e1)/(32c+e))*vref
iwo RS : Vin-((16c+e)/(32c+e))*vref+((8c)/(32c+e))*vref
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* Digital Sequence : 100

1 e |

w RS : Vin-((16c+e)/(32c+e))*vref+((8c+e1)/(32c+e))*vref+((4c+e2)/(32c+e))*vref
éwo RS : Vin-((16c+e)/(32c+e))*vref+((8c)/(32c+e))*vref+((4c)/(32c+e))*vref

. 1 gq-l;g___ﬂ (r)_:_:_a!captoswitch
: v’n oo 1 | ] l :
; Ilsc -T-4c l4cllac:l4c: -T-zc -L1c — 1c ;
: | -+ -+ -+ | I | :
' S I D - | | '
5 0 0 -vref 0 10 !0 0 0 E
Voltage @ Top plate , +vref |

e Remember that e equals to el+e2+e3



acitor Matching Enhanceme ATLAS

* Unit capacitor of 200fF in 1st stage.

Monte Carlo(1000Runs)
400 I I | |

Black Bar: 4-b RS
350 - Mean:11.89 bits
std :0.04 bits
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Green Bar: 3-b RS
Mean:11.86 bits
std :0.06 Dbits

N

9]

o
\

Blue Bar: 2-b RS
Mean:11.82 bits
Std :0.09 Dbits

Red Bar: wo RS
Mean:11.75 bits
Std :0.14 Dbits

Number of Runs
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0
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EBOB(Bits)



acitor Matching Enhanceme ATLAS

* Unit capacitor of 20fF in 1st stage.

350 I
Black Bar: 4—%5{5
. Mean: 11.75 DITS
3007 &4 :o011 bits
w 250 - Green Bar: 3-b RS
< Mean: 11.67 bits
o std :0.15 bits
w200
° Blue Bar: 2-Bgs
Y | Mean: 11.57 bits
219" s :020 bits
S
Z 100 - Red Bar: wo RS
Mean: 11.43 bits
Std :0.29 hits
50
0
10.4 10.6 10.8 11 11.2 11.4 11.6 11.8 12
ENOB(BIits)
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w2 Implementation Progress
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First stage has been built(without RS).

8-b SAR ADC

------------------------------------------------------

1 stage Phase?2 2 " stage

-------------------------------------------------------- _OC

| Phaset 5-b SAR ADC Phase3 | | F  llphases
-L—c/ o o—— ¢ 0—i—o\c o

Lt tole o I Tt
= _|_16C1"- .I.201.|_ C1.|. C, " ED*E .|_12802-".|_2C2_r Cz.l_ C,
' Vin— Switches — ' ' Switches

A

I 8X residue gai:n

SAR Logic

i

| | DataAlign |<¢—|

SAR Logic

*0[1 1:0]

OPAMP 1.8mW

1t Comparator 60uW
15t SAR Logic 20uW
Bootstrap Switch 6uWwW

......................................................
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2 Implementation Progress ATLAS

* Feed the residue of amplifier and digital code into Matlab.

1" stage Phase2
-------------------------------------------------------- _OC
| Phaset 5-b SAR ADC Phases | | F |
| _E—c(/ r oo ¢

T T16Ceee T2C, T Gy Cy

i Vin—-

MATLAB

In E -
Switches — : ;D

A

SAR Logic i P T = L

PSD (dB)

BNl— 95.06dB SNR =
73.93dB

-100

4096 points FFT

SNDR =
SFDR= 7393dB

0.2 0.4 0.6 0.8 1 1.2 14 1.6 1.8 2
Frequency (Hz) x 10 12



TEXAS Future Work @ATLAS

Implement the RS technique into the first stage.

Doing more simulation on first stage before next meeting, such as corner
simulation and noise simulation.
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Backup @ATLAS
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TEXAS Backup PATLAS

The University of Texas at Austin

Performing more bits RS will alleviate this dilemma.
Assuming 111 has been resolved and the following sequence will be 00, 01, 10, 11.
Except for 11111, the other sequence will have at least one switching back.

in o—"o r _____________________ 1
iv : f8c T4C TZC T1C %1C: T8C f4c ?ZC
: ' 0

0

-vref -vref -vref -vref -vref ,-vref -vref

' 11100 -vref  -vref 0 0 -vref -vref  -vref 0 ]
' 11101 -vref -vref 0 -vref  -yref -vref -vref 0 -vref
+ 11110 -vref -vref -vref 0 -vref -vref -vref -vref 0

11111 -vref -vref -vref -vref -vref -vref -vref -vref -vref
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